SUMMARY The clincopathologic features of 14 cases of sudden death attributable to dysrhythmias associated with the myxomatous mitral valve are described. The patients were 14-59 years old (mean 27 +-11 years). Eleven were female and three male. Of the seven ECGs available, none showed prolongation of the QT interval, but two showed repolarization abnormalities. The material was classified according to the degree of prolapse in the pathologic specimen. When obvious prolapse was found, the expected auscultatory findings had been documented. In three cases there was minimal prolapse, casting some doubt on the hypothesis that traction on the papillary muscles or diastolic dumping of the leaflets may be implicated in the pathogenesis of the dysrhythmias. In one of the cases with minimal prolapse there was a strong family history of sudden death. Endocardial friction lesions were present in 11 cases, including two of the three with minimal prolapse. In five cases there was a thrombotic lesion in the angle between the posterior leaflet and the left atrial wall containing fibrin and platelets. These abnormalities may be important in the pathogenesis of the ventricular dysrhythmias.
SUDDEN DEATH is a very uncommon complication of the mitral valve prolapse-click syndrome. While there is strong clinical evidence that the cause of sudden death is a ventricular tachyarrhythmia, its pathogenesis is not known. One theory is that the voluminous prolapsing leaflets produce abnormal tension on the papillary muscles, resulting in electrocardiographic abnormalities and dysrhythmias. However, mitral valve prolapse may be associated with other conditions, such as congestive cardiomyopathy and hypertrophic subaortic stenosis, which in their own right may be important determinants of prognosis, including a predisposition to fatal dysrhythmias.
We found 39 reported cases of sudden death attributed to mitral valve prolapse,'-23 including three cases from our laboratory.' In only 19 of the reported cases were autopsies performed, but even among these cases the information is, in many instances, sparse, so other pathologic conditions cannot be excluded. Because of the important clinical and forensic implications, we report the clinicopathologic findings in 14 cases of sudden death in whom myxomatous change of the mitral valve was the principal identifiable pathologic abnormality.
Materials and Methods
The 14 specimens were referred from various centers during [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] . Complete autopsies in each case identified the cardiac abnormalities as the only possible causes of sudden death. Two cases emanated from county coroners, and no supplementary clinical information was available. The family history was available in 12 cases, clinical information in 10 and ECGs in seven.
The circumstances surrounding cardiac arrest were determined from paramedic, hospital and county coroner records. From these sources, the interval between the onset of cardiac arrest and the cessation of resuscitative measures was estimated.
The specimens of heart were examined macroscopically for evidence of congenital and other cardiac abnormalities. The coronary arteries were sectioned transversely at 3-5-mm intervals, and representative segments were examined microscopically. Multiple blocks of tissue were taken from the free and septal walls of both ventricles for histologic examination. Particular attention was paid to the histology of the papillary muscles. The atrioventricular node and the proximal portion of the bundle branches were examined in two cases by spot check sections. Serial sections were not made. The mitral valve apparatus was examined for chordal thickening and elongation, and the degree of prolapse of the mitral leaflets was graded from I to III. Friction lesions on the endocardium of the left ventricle adjacent to the chordae were sought.
Definition of Grades of Mitral Valve Prolapse
The degrees of prolapse of the mitral valve leaflets are listed in table 1 . Grade I was characterized by mild focal degrees of prolapse or interchordal hooding. Recognizing that some hooding may be present in the normal valve, the cases included under this category were considered to exhibit mild degrees of change but in excess of the normal ( fig. 1 ). Histologic evidence supported the diagnosis of myxomatous change in each case in this category ( fig. 2A) These persisted despite a therapeutic trial of digoxin and quinidine. Because of persistent symptoms, propranolol, 20 mg twice daily, was administered and quinidine discontinued. This abolished the bigeminy but resulted in symptomatic bradycardia, and a demand pacemaker was implanted. The patient remained well for 6 weeks until she suffered sudden unexpected death. One day before death the pacemaker was found to be functioning perfectly.
One other patient (case 9) had one previous episode of atrial fibrillation, successfully treated with i.v. digoxin and propranolol.
Exercise electrocardiography was performed in cases 5, 9 and 13, each with known ventricular ectopy. The medications taken immediately before death are Grade I Mitral Valve Prolapse (Three Cases) Mitral valve apparatus. In two cases, both leaflets of the mitral valve were macroscopically thickened; in the other case, only the posterior leaflet was thickened. The chordae tendineae were intact and of normal length but were thickened in two cases. In case 1, microscopic deposits of fibrin and platelets were present at the junction of the left atrium and posterior mitral leaflet.
Endocardialfriction lesions. In two cases there was thickening of the mural endocardium of the left ventricle beneath the posterior leaflet.
Coronary arteries. There was no evidence of atherosclerosis.
Conduction system. The conduction system was examined in case 2 and was normal.
Myocardium. Extensive changes in the myocardium were observed in cases 1 and 2. In case 1, there were multifocal areas of acute necrosis, and interspersed among areas of scarring were lesions of intermediate age, characterized by removal of myocardial fibers. The intramyocardial arteries were normal. These changes were considered to be a result of cardiac arrest and prolonged cardiopulmonary resuscitation. This patient had been in ventricular fibrillation for at least 30 minutes before cardioversion was performed by paramedical personnel. After this, she remained unconscious and was maintained on a respirator for 6 days.
The findings were similar in case 2. Multifocal areas of acute necrosis of muscle were present, and in other areas there were features of muscle removal. Also, there were several arteries within the papillary muscle that showed marked narrowing of the lumen by fibrous intimal thickening. This patient had also been in ventricular fibrillation for at least 15 minutes before cardioversion by paramedical personnel. She did not regain consciousness and died 8 days later despite assisted respiration.
Grades II and III Mitral Valve Prolapse (1I Cases)
Mitral valve apparatus. The leaflets, in particular, the posterior leaflets, were floppy, thickened and redundant with multiple areas of hooding. The chordae were elongated but not ruptured in any instance. Case 12 showed prominent macroscopic abnormalities at the junction of the left atrium and the posterior mitral leaflet. These consisted of a linear array of deposits of fibrin in the angle between the posterior mitral leaflet and the wall of the left atrium (figs. 3B and 5). There were also fibrous nodules just above this angle that involved the left atrial wall and the superior surface of the posterior mitral leaflet at their zone of mutual contact. Sections taken through the posterior mitral leaflet and adjacent portions of the left atrium and left ventricle showed several processes. The base of the mitral valve showed a focus of dense laminated collagen containing elastic tissue deposited along its atrial surface. Opposite this accumulation, the atrial endocardium showed a focus of thickening with collagen in the superficial part in which there were some elastic fibers. On the surface of each of the fibrous nodules there was L A Endocardium fibrin undergoing organization. This extended downward from each nodule toward the angle between the atrium and the base of the mitral leaflet. The actual angle between the base of the mitral leaflet and the left atrium showed destruction of tissue filled in by incompletely organized fibrin. At the very apex of the lesion there was an accumulation of dense collagen with an island of fibroelastic tissue resembling that of the atrial endocardium. No significant leukocytic infiltrate was evident, nor was there any calcification.
In case 13, the macroscopic findings in the angle between the left atrial wall and the posterior leaflet consisted of a linear array of hemorrhagic lesions. Microscopically, this consisted of aggregates of connective tissue, fibrin, platelets, leukocytes and red cells. No bacteria were observed ( fig. 6) . A similar lesion was present in case 4. In case 7, fibrin deposits were identified by microscopy.
Endocardialfriction lesions. Friction lesions were present in nine of the 10 cases.
Coronary arteries. Abnormalities of the coronary arteries were present in case 9 only. This 29-year-old man had a focal 50% narrowing of the left anterior descending coronary artery 0.5 cm from its origin and a focal 25% atherosclerotic narrowing of the intermediate segment of the right coronary artery. The ascending aorta showed minimal atherosclerosis.
Conduction system. The conduction system was examined in case 5 and was normal.
Myocarditam. Case 7 had evidence of multifocal acute myocardial necrosis with hypereosinophilia and coagulation necrosis. This 26-year-old woman collapsed because of ventricular fibrillation. After cardiopulmonary resuscitation, she was cardioverted to sinus rhythm and transported to the hospital. She had numerous episodes of ventricular tachycardia and fibrillation requiring repeated cardioversion and died 48 hours later despite assisted respiration.
In cases 8, 9, and 10, some sections showed small focal areas of interstitial fibrosis without cellular infiltrate or loss of myocardial fibers. These findings are occasionally observed in routine autopsies and were considered to be nonspecific and the cause unknown.
Other Pathologic Findings
Cystic medial necrosis of the aorta was present in five cases. In the four cases without stigmata of Mar- fan's syndrome, the changes were grade II in case 10 and grade I in cases 3, 9 and 12. Case 14 was recognized as having Marfan's syndrome clinically. The MYXOMATOUS MITRAL VALVEIChesler et al. '5 aortic root was dilated (10 cm in circumference), and there was grade II cystic medial necrosis.
Discussion
Considering the frequency of mitral valve prolapse in the general population, cases of sudden death attributable to this syndrome have attracted disproportionate attention. The possibility has been raised that associated coronary artery disease, left ventricular myopathy, or prolongation of the QT interval may be responsible factors.9S29 One of the purposes of our study of 14 patients was to ascertain whether some other form of cardiac abnormality may have played a role in the pathogenesis of the fatal cardiac dysrhythmias. In general, most instances of sudden cardiac death can be resolved by pathologic examination into ischemic heart disease, nonatherosclerotic coronary artery disease (e.g., dissecting aneurysms), or left ventricular hypertrophy associated with idiopathic hypertrophic subaortic stenosis or aortic valve stenosis.i0 Other causes, such as congestive cardiomyopathy, severe pulmonary hypertension, myocarditis and sarcoidosis, are also readily identifiable. All of these were excluded from this study. Also, there was no evidence that drug toxicity or medications caused sudden death in our patients. ( An additional case of sudden death and mitral valve prolapse in our collection was excluded because of a strong suspicion of quinidine toxicity.) Three of our cases had evidence of multifocal myocardial necrosis. These changes are attributed to inadequate coronary blood flow as a reult of prolonged circulatory arrest and the protracted resuscitation that followed the dysrhythmia. Experimental studies in dogs have demonstrated lack of coronary blood flow during closed-chest resuscitation.3' None of the specimens showed evidence of "contraction band necrosis, suggestive of acute myocardial ischemia, as found in sudden coronary death. The myxomatous mitral valve and secondary changes in adjacent structures were thus the only important pathologic abnormalities. Five cases showed evidence of aortic cystic medial necrosis, one of which had all the clinical features of Marfan's syndrome, which is associated with the myxomatous mitral valve. 21 performed a detailed study of the conduction system in three cases of mitral valve prolapse and sudden death. In two cases there was premature aging and sclerosis of the cardiac skeleton, with involvement of the atrioventricular node and trifascicular conduction system; in one of these cases there was also thrombosis of the sinoatrial node artery.21 In the third case there was fatty infiltration in the approaches to the sinoatrial and atrioventricular nodes and atrial preferential pathways.20
The role of these findings in the pathogenesis of lethal brady-or tachyarrhythmias is uncertain, since their frequency in hearts without myxomatous mitral valves is unknown. Senges and associates39 studied three patients electrophysiologically who had mitral valve prolapse, strong family histories of sudden death and high-grade ventricular ectopy. In these, normal intracardiac conduction and refractoriness were demonstrated. These studies provided no evidence for underlying reentrant mechanisms as a potential cause of ventricular ectopy.
